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©  Process  for  upgrading  heavy  hydrocarbonaceous  oils. 

The  invention  relates  to  a  process  for  the  upgrading  of 
heavy,  viscous  hydrocarbonaceous  oils,  comprising  fraction- 
ally  distilling  said  hydrocarbonaceous  oil to  produce at  least 
one  distilled  fraction  and  a  residuum  without  substantially 
cracking  said  hydrocarbonaceous  oil,  contacting  said 
residuum  with  a  liquid  hydrogen  donor  material  stream  to 
produce  a  hydrocracked  stream  and  separating  said  hydro- 
cracked  stream  into  a  gaseous  stream  and  a  liquid  hydro- 
cracked  stream,  characterized  in  that: 

(a)  said  liquid  hydrocracked  stream  is  fractionally  distil- 
led  to  separate  from  higher  and  lower  boiling  fractions  a 
hydrogen  donor  precursor  stream  boiling  above  a  tempera- 
ture  from  substantially  180°C  to  substantially  200°C  and 
below  a  temperature  from  substantially  330°C  to  substantially 
350°C, 

(b)  at  least  part  of  said  hydrogenated  hydrogen  donor 
material  is  recycled  as  the  material  which  constitutes  the 
entire  liquid  hydrogen  donor  material  stream  to  contact  said 
residuum. 



This  i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   for  i m p r o v i n g  

the  q u a l i t y   of  heavy,   v i s c o u s   crude  o i l s .   More  s p e c i f i c a l l y ,  

i t   r e l a t e s   to  a  p r o c e s s   c o m p r i s i n g   s e p a r a t i n g   the  v i s c o u s  

crude   i n to   f r a c t i o n s   by  f r a c t i o n a l   d i s t i l l a t i o n ,   and  c r a c k i n g  

and  h y d r o g e n a t i n g .  t h e   h i g h e s t   b o i l i n g   f r a c t i o n   so  o b t a i n e d   i n  

the  p r e sence   of  a  r e c y c l e d   hydrogen  donor  m a t e r i a l   o b t a i n e d  

by  s e p a r a t i n g   p a r t i c u l a r   p o r t i o n s   of  the  r e s u l t i n g   c r a c k e d  

m a t e r i a l   and  c a t a l y t i c a l l y   r e h y d r o g e n a t i n g   a  s p e c i f i c   p o r t i o n  

so  produced  to  p r e p a r e   sa id   hydrogen  donor  m a t e r i a l   f o r  

r e c y c l i n g .   The  f r a c t i o n a t e d   s t reams  produced  in  s e p a r a t i n g  

s a i d   v i scous   crude  and  in  s e p a r a t i n g   sa id   h y d r o g e n a t e d  

c r a c k e d   m a t e r i a l   are  s u i t a b l e   for  f u r t h e r   h y d r o g e n a t i o n   a n d / o r  

r e c o m b i n i n g   i n t o  a   r e c o n s t i t u t e d   crude  o i l ,   or  for  use  i n  

normal  r e f i n e r y   p r o c e s s e s   w i t h o u t   b e i n g ' r e c o m b i n e d .  

The  p r o p e r t i e s   of  heavy  c r u d e s ,   i . e .   i n - s i t u   h e a v y  

o i l s   and  o i l   sands  b i t umen ,   have  long  been  known.  T h e s e  

m a t e r i a l s   are  abundant   in  Canada  and  s e v e r a l   o the r   c o u n t r i e s  

and  are  of  i n c r e a s i n g   i m p o r t a n c e   as  c o n v e n t i o n a l ,   i . e .  

l i g h t e r ,   crude  o i l s   are  d e p l e t e d .   Among  the  p r o p e r t i e s   o f  

t h e s e   m a t e r i a l s   are  a  low  h y d r o g e n : c a r b o n   r a t i o ,   h i g h  

v i s c o s i t y ,   and  a  high  p r o p o r t i o n  o f   components  which  c a n n o t  

be  vacuum  d i s t i l l e d   w i t h o u t   undergo ing   the rmal   c r a c k i n g .  

As  a  r e s u l t ,   t h e s e   heavy  o i l s   are  i m p o s s i b l e   to  t r a n s p o r t  

t h r o u g h   normal  crude  p i p e l i n e s   or  to  p r o c e s s   in  e x i s t i n g  

r e f i n e r i e s .   The  p r i o r   a r t   has  shown  t h a t   (1)  carbon  r e j e c t i o n ,  



i . e .   c o k i n g ,   and  (2)  hydrogen  a d d i t i o n   are  the  two  b a s i c  

a p p r o a c h e s   to  be  used  in  u p g r a d i n g   such  crude  o i l s .   The  t e r m  

" u p g r a d i n g "   can  take  v a r i o u s   meanings  in  v a r i o u s   c o n t e x t s .  

For  c l a r i t y   and  c o n s i s t e n c y ,   i t   is  he r e   d e f i n e d   as  r a i s i n g   t h e  

h y d r o g e n : c a r b o n   r a t i o ,   and  l o w e r i n g   the  v i s c o s i t y ,   s p e c i f i c  

g r a v i t y   and  average   m o l e c u l a r   we igh t   of  a  heavy,  v i s c o u s  

h y d r o c a r b o n a c e o u s   o i l .   Carbon  r e j e c t i o n   has  the  d i s a d v a n t a g e  

of  p r o d u c i n g   a  l a r g e   q u a n t i t y   of  r e f r a c t o r y   m a t e r i a l s   such  a s  

coke  which  then  must  be  d i s p o s e d   of  and  which  d e t r a c t   from  t h e  

t o t a l   amount  of  l i q u i d   p r o d u c t   a v a i l a b l e .   H y d r o g e n a t i o n   on 

the   o t h e r   hand  produces   a  l a r g e r   q u a n t i t y   of  v a l u a b l e   l i q u i d  

p r o d u c t s   and  is  more  d e s i r a b l e   than  carbon   r e j e c t i o n   i f   t h e  

h y d r o g e n a t i o n   can  be  c a r r i e d   out  at  r e a s o n a b l e   c o s t .  

Hydrogen  donor  m a t e r i a l s   are  wel l   known  for   t h e i r  

a b i l i t y   to  r e l e a s e   hydrogen  to  a  h y d r o g e n - d e f i c i e n t   o i l   in  a  

t h e r m a l   c r a c k i n g   zone,  and  t h e r e b y   to  c o n v e r t   heavy  h y d r o -  

c a rbon   o i l s   to  more  v a l u a b l e . l o w e r - b o i l i n g   p r o d u c t s .   The 

h y d r o g e n   donor  is  a r o m a t i c - n a p h t h e n i c   in  n a t u r e   and,  h a v i n g .  

r e l e a s e d   hydrogen  in  the  t h e r m a l   c r a c k i n g   zone,  can  b e  

c a t a l y t i c a l l y   r e h y d r o g e n a t e d   in  a  s e p a r a t e   h y d r o g e n a t i o n   zone  

and  r e c y c l e d   as  a  hydrogen  donor .   Hydrogen  donor  c r a c k i n g  

p r o c e s s e s   make  p o s s i b l e   the  c o n v e r s i o n   of  heavy  o i l s   in  t h e  

a b s e n c e   of  a  c a t a l y s t   and  wi th   the  f o r m a t i o n   of  l i t t l e ,   i f  

any,  coke ,   and  at  s u b s t a n t i a l l y   lower  p r e s s u r e s   than  a r e  

n e c e s s a r y   with  the  use  of  m o l e c u l a r   hydrogen  in  h y d r o c r a c k i n g .  

.  In   USP  2 ,953 ,513   i t   was  d i s c l o s e d   t h a t   c e r t a i n  

d i s t i l l a t e   thermal   t a r s ,   b o i l i n g   above  371°C,  w i l l ,   upon 



p a r t i a l   h y d r o g e n a t i o n ,   produce  a  hydrogen  donor  m a t e r i a l  

which  can  be  used  to  hydrocrack   heavy  f e e d s t o c k s   at  t e m p e r a t u r e s  

above  427°C.  The  hydrogen  donor  m a t e r i a l   can  be  r e h y d r o g e n a t c d  

us ing   e x t e r n a l   hydrogen  and  r e c y c l e d   to  the  t h e r m a l   c r a c k i n g  

s t a g e ( s ) .  

In  US?  4 ,115,246  a  p rocess   was  d i s c l o s e d   in  which  

the  p i t c h   f r a c t i o n   r e s u l t i n g   from  f r a c t i o n a l   d i s t i l l a t i o n   o f  

the  p roduc t s -   o f  a   hydrogen  donor  d i l u e n t   c r a c k i n g   s tep   i s  

s u b j e c t e d   to  a  p a r t i a l   o x i d a t i o n   p r o c e s s ,   and  the  r e s u l t i n g  

h y d r o g e n - c o n t a i n i n g   gas  produced  by  the  p a r t i a l   o x i d a t i o n  

s t ep   is  u t i l i z e d   to  h y d r o g e n a t e   the  r e c y c l e d   hydrogen  dono r  

s o l v e n t .   The  p i t c h   f r a c t i o n   w a s  d e f i n e d   as  the  p roduc t   o f  

the  f r a c t i o n a l   d i s t i l l a t i o n   b o i l i n g   above  500°C.  I t   was 

d i s c l o s e d   t h a t   the  f r e sh   f e e d s t o c k   to  the  c r a c k i n g   f u r n a c e  

could   i n c l u d e   sha l e   o i l ,   t a r   sand  b i t umen ,   or  r e s i d u a l   o i l  

from  a  p e t r o l e u m   r e f i n e r y .  

Many  of  the  p r o c e s s e s   known  in  the  a r t   are  d e s i g n e d  

for   a p p l i c a t i o n   in  a  c o n v e n t i o n a l   p e t r o l e u m   r e f i n e r y ;   t h e s e  

p r o c e s s e s   do  not  address   the  problem  of  t r a n s p o r t i n g   the  c r u d e  

o i l   from  the  wel l   s i t e   to  the  r e f i n e r y .   The  coking  p r o c e s s e s  

in  g e n e r a l   form  e x c e s s i v e   amounts  of  coke,  which  must  b e  

d i s c a r d e d   or  d e s u l p h u r i z e d   and  burned ,   and  which  lower  t h e  

y i e l d   of  u s e f u l   h y d r o c a r b o n s .   In  t hose   p r o c e s s e s   in  which  

c a t a l y s t s   are  used,   metals   p r e s e n t   in  the  crude  have  a 

t e n d e n c y   to  po ison   the  c a t a l y s t   and  c r e a t e   the  n e c e s s i t y   f o r  

f r e q u e n t   r e g e n e r a t i o n   or  r e p l a c e m e n t   of  the  c a t a l y s t .  



In  the  e n s u i n g   d e s c r i p t i o n   and  c l a i m s ,   a l l   r e f e r e n c e s  

to  p r o p o r t i o n s ,   p e r c e n t a g e s ,   and  p a r t s   are  on  a  we igh t   b a s i s  

and  a l l   r e f e r e n c e s   to  b o i l i n g   p o i n t s   of  m a t e r i a l s   are  t o  

a t m o s p h e r i c   p r e s s u r e   b o i l i n g   p o i n t s ,   un l e s s   o t h e r w i s e  

s p e c i f i c a l l y   i n d i c a t e d .  

The  p r e s e n t   i n v e n t i o n   is  a  p roces s   for   the  u p g r a d i n g  

of  heavy ,   v i s c o u s   h y d r o c a r b o n a c e o u s   o i l s   c o m p r i s i n g :  

(a)  f r a c t i o n a l l y   d i s t i l l i n g   s a i d   h y d r o c a r b o n a c e o u s  

o i l   to  p roduce   at  l e a s t   one  f r a c t i o n   b o i l i n g   b e l o w  

a  t e m p e r a t u r e   from  s u b s t a n t i a l l y   300°C  t o  

s u b s t a n t i a l l y   570°C  and  a  res iduum  b o i l i n g   a b o v e  

s a i d   t e m p e r a t u r e ,   w i t h o u t   s i g n i f i c a n t l y   c r a c k i n g  

s a i d   h y d r o c a r b o n a c e o u s   o i l ,  

(b)  c o n t a c t i n g   sa id   res iduum  with  a  l i q u i d   h y d r o g e n  

donor  m a t e r i a l   s t r eam  at  h y d r o c r a c k i n g   c o n d i t i o n s  

to  p r o d u c e  a   h y d r o c r a c k e d   s t r e a m ,  

( c )   s e p a r a t i n g   sa id   h y d r o c r a c k e d   s t r eam  i n t o   a  

gaseous   s t r eam  and  a  l i q u i d   h y d r o c r a c k e d   s t r e a m ,  

(d)  f r a c t i o n a l l y   d i s t i l l i n g   sa id   l i q u i d   h y d r o c r a c k e d  

s t r eam  to  s e p a r a t e ,   from  lower  and  h i g h e r   b o i l i n g  

f r a c t i o n s ,   a  hydrogen  donor  p r e c u r s o r   s t r e a m  

b o i l i n g   above  a  t e m p e r a t u r e   from  s u b s t a n t i a l l y   180°C 

to  s u b s t a n t i a l l y   200°C  and  below  a  t e m p e r a t u r e   f r o m  

s u b s t a n t i a l l y   330°C  to  s u b s t a n t i a l l y   350°C ,  

(e)  c a t a l y t i c a l l y   r e a c t i n g   sa id   hydrogen  d o n o r  

p r e c u r s o r   s t ream  with  a  h y d r o g e n - r i c h   gaseous   s t r e a m  



to  p roduce   a  h y d r o g e n a t e d   hydrogen  donor  m a t e r i a l ,  

a n d  

(f)  r e c y c l i n g   at  l e a s t   pa r t   of  said  h y d r o g e n a t e d  

hydrogen   donor  m a t e r i a l   as  the  m a t e r i a l   w h i c h  

c o n s t i t u t e s   the  e n t i r e   l i q u i d   hydrogen  donor  m a t e r i a l  

s t r e a m   to  c o n t a c t   sa id   residuum  in  s t ep   (b)  n o t e d  

a b o v e .  

In  a  s p e c i f i c   embodiment,   the  i n v e n t i o n   c o m p r i s e s  

s t e p s   (a)  to  (f)  noted  above,  wherein  f r a c t i o n a l   d i s t i l l a t i o n  

s tep  (a)  is  c a r r i e d   out  to  produce   a  naphtha  s t r e a m ,  a  

d i s t i l l a t e   s t r eam  and  a  gas  o i l   s t ream  as  well   as  the  a f o r e -  

men t ioned   r e s i d u u m ,   and  the  lower  and  h igher   b o i l i n g   f r a c t i o n s  

f r o m   f r a c t i o n a l   d i s t i l l a t i o n   s tep  (d)  are  u t i l i z e d   as  f o l l o w s :  

the  ove rhead   s t r eam  is  combined  with  said  naphtha   s t r e a m   f r o m  

s tep   (a) ,   a  heavy  gas  o i l   s t ream  is  combined  with  sa id   gas  o i l  

s t r e a m   from  s t e p   (a)  and  t he se   s t reams  as  well   as  a  b o t t o m s  

s t r eam  from  s t e p  ( d )   are  wi thdrawn  as  p r o d u c t ' s t r e a m s .  

O p t i o n a l l y ,   the  gaseous  s t ream  o b t a i n e d   at  s t ep   (c)  

can  be  d e s u l p h u r i z e d   to  produce   a  d e s u l p h u r i z e d   gaseous   s t r e a m ,  

and  sa id   d e s u l p h u r i z e d   gaseous   s tream  can  be  r e f o r m e d   w i t h  

s t e a m   to  form  a  h y d r o g e n - r i c h   gaseous  s t ream  for   use  in  s t e p  

(e)  and  b y - p r o d u c t   carbon  d i o x i d e .   A l t e r n a t i v e l y ,   where  a n  

e x t e r n a l   supply   of  m e t h a n e - r i c h   g a s  ( e . g .   n a t u r a l   gas)  i s  

a d v a n t a g e o u s l y   a v a i l a b l e ,   the  gaseous  s t ream  from  s t ep   (c)  c a n  

be  used  as  fuel   gas  and  the  e x t e r n a l   supply  of  m e t h a n e - r i c h  

gas  can  be  u t i l i z e d   as  the  source   of  hydrogen  for  the  r e f o r m i n g  

s t e p .  



P r e f e r a b l y ,   the  a f o r e m e n t i o n e d   h y d r o g e n a t e d   h y d r o g e n  

donor  m a t e r i a l   s t r eam  is  f r a c t i o n a l l y   d i s t i l l e d   to  s e p a r a t e ,  

from  lower  and  h i g h e r   b o i l i n g   m a t e r i a l s ,   an  o p t i m i z e d   h y d r o -  

g e n a t e d   hydrogen  donor  m a t e r i a l ,   which  lower  and  h i g h e r   b o i l i n g  

m a t e r i a l s   are  combined  with  the  a p p r o p r i a t e   p r o d u c t   s t r e a m   o r  

s t r e a m s .  

. 

O p t i o n a l l y ,   where  i t   is  d e s i r a b l e ,   sa id   p r o d u c t  

s t r e a m s   can  i n d i v i d u a l l y   be  c a t a l y t i c a l l y   r e a c t e d   with  a  

h y d r o g e n - r i c h   gas,  to  produce   more  f u l l y   upgraded  s t r e a m s  

which  can  be  used  in  a  c o n v e n t i o n a l   o i l   r e f i n e r y ,   o r  

a l t e r n a t i v e l y   they  c a n b e   combined  with  the  bot toms  s t r e a m  

from  s t e p   (d)  to  p roduce   a  f u l l y   upgraded,   lower  v i s c o s i t y  

s y n t h e t i c   c r u d e .  

The  p r o c e s s   of  the  i n v e n t i o n   is  a p p l i c a b l e   t o  

u p g r a d i n g   v a r i o u s   types  of  heavy  c rudes ,   i n c l u d i n g   i n - s i t u  

heavy  o i l s   (e .g .   L l o y d m i n s t e r ) ,   o i l   sands  b i tumen  ( e . g .  

A t h a b a s c a ) ,   and  g e n e r a l l y   any  type  of  crude  o i l   whose  

c o m p o s i t i o n   and  v i s c o s i t y   in  the  raw  form  are  such  t h a t   t h e y  

r e n d e r   i t   d i f f i c u l t   or  i m p o s s i b l e   to  p rocess   the  o i l   in  a  

c o n v e n t i o n a l   o i l   r e f i n e r y   or  to  t r a n s p o r t   in  a  p i p e l i n e  

w i t h o u t   d i l u t i o n   or  e x t e r n a l   h e a t i n g   or  t r a c i n g   of  the  p i p e -  

l i n e   and  c o n s e q u e n t   l a r g e - s c a l e   waste   of  e n e r g y .  

In  drawings   which  i l l u s t r a t e   an  embodiment  of  t h e  

i n v e n t i o n   and  v a r i a t i o n s ,  



F i g u r e   1  is  a  s chema t i c   flow  shee t   i l l u s t r a t i n g   t h e  

b a s i c   p r o c e s s   of  the  i n v e n t i o n ,  

F i g u r e   2  is  a  s chema t i c   flow  shee t   showing  a  s p e c i f i c  

group  of  f r a c t i o n a t e d   s t r e a m s ,  

F i g u r e   3  is  a  s chema t i c   flow  shee t   showing  a  more 

complex  p r o c e s s   of  o b t a i n i n g   an  optimum  r e c y c l e d   hydrogen  d o n o r  

m a t e r i a l ,   and  

F i g u r e   4  is  a  s chema t i c   flow  shee t   showing  a  f u r t h e r  

t r e a t m e n t   of  the  s t r eams   shown  in  F igure   2.  

R e f e r r i n g   to  F igure   1,  raw  crude  o i l   in  s t r eam  21 

is  d i s t i l l e d   to  remove  m a t e r i a l   d i s t i l l a b l e   w i t h o u t   t h e r m a l  

c r a c k i n g .   In  o rde r   to  a v o i d  u n w a n t e d   c r a c k i n g   and  coking  i n  

d i s t i l l i n g   the  more  r e f r a c t o r y   components  of  the  m i x t u r e ,   t h e  

d i s t i l l a t i o n   is  p r e f e r a b l y   c a r r i e d   out  in  two  s t a g e s ,   t h e  

f i r s t   at  a t m o s p h e r i c   p r e s s u r e   in  f r a c t i o n a t i n g   column  1  w i t h  

o v e r h e a d s   going  via  l i n e   22  and  r e s i d u e   via  l i n e   25,  and  t h e  

second  under  vacuum  in  f r a c t i o n a t i n g   column  2,  from  w h i c h  

o v e r h e a d s  g o   via  l i n e   26  and  r e s i d u e   or  bot toms  via  27.  The 

amount  of  a b s o l u t e   p r e s s u r e   in  column  2  can  be  v a r i e d   to  a s  

low  as  2  kPa  but  is  no rmal ly   s e l e c t e d   for  minimum  steam  u s a g e ,  

and  commerc ia l   o p e r a t i o n s   are  commonly  conducted   at  2 . 5  -  

4  kPa.  The  bo t toms   s t r eam  from  vacuum  d i s t i l l a t i o n   s t ep   2 

can  have   an  i n i t i a l   b o i l i n g   po in t   v a r y i n g   over  a .wide   r a n g e ,  

depending   upon  the  type  of  crude  and  p rocess   c o n d i t i o n s .  

Bottoms  with  an  i n i t i a l   b o i l i n g   po in t   as  low  as  300°C  or  a s  

high  as  570°C,  p r e f e r r a b l y   in  the  range  from  450°C  to  570°C,  



can  be  used  in  the  p r o c e s s ,   a l t h o u g h   for   r easons   of  e c o n o m i c s  

i t   may  be  a d v a n t a g e o u s   to  r e m o v e  a s   much  d i s t i l l a t e   m a t e r i a l  

as  p o s s i b l e   to  r educe   the  volume  of  r e a c t i o n   mix tu re   a n d  

c o n s e q u e n t l y   the  s i z e   and  cos t   of  a  hydrogen  donor  c r a c k i n g  

zone  3.  Under  some  c i r c u m s t a n c e s ,   for   example  in  the  use  o f  

a  smal l   u p g r a d i n g   p l a n t   (1500  -   3000  m3/day) ,   i t   may  b e  

d e s i r a b l e   to  omit  a  vacuum  tower  foe  crude  f r a c t i o n a t i o n   a n d  

thus  to  feed  to  hydrogen  donor  c r a c k i n g   zone  3  a  b o t t o m s  

s t r eam  hav ing   an  i n i t i a l   b o i l i n g   p o i n t   in  the  range  a s s o c i a t e d  

with  a t m o s p h e r i c   tower  bo t toms ,   300°C  to  330°C.  The  b o t t o m s  

s t r eam  27  is  c o n t a c t e d   in  r e a c t o r   3  wi th   a  h y d r o g e n a t e d  

r e c y c l e d   s t r e a m   30.  An  i n i t i a l   supply   of  hydrogen  d o n o r  

m a t e r i a l   for   s t a r t - u p   is  fed  th rough   l i n e   29  u n t i l   a d e q u a t e  

flow  in  s t r e a m   30  is  e s t a b l i s h e d .   The  r e c y c l e d   s t r eam  h a s  

the  a b i l i t y   to  dona te   hydrogen  and  is  used  in  a  we igh t   r a t i o  

of  s u b s t a n t i a l l y   1 :0 .5   to  1:4  and  a  t e m p e r a t u r e   of  s u b s t a n t i a l l y  .  

350°C  to  500°C,  p r e f e r a b l y   400°C  to  460°C  and  at  an  a b s o l u t e  

p r e s s u r e   of  s u b s t a n t i a l l y   2  to  15  MPa,  p r e f e r a b l y   2.5  to  6 

MPa,  and  a  r e a c t i o n   mass  l i q u i d   space   v e l o c i t y   of  s u b s t a n t i a l l y  

0.5  to  10.0  h-1 ,   p r e f e r a b l y   0.8  to  7.0  h-1.   No  c a t a l y s t   i s  

n e c e s s a r y   in  the  hydrogen  donor  c r a c k i n g   r e a c t i o n .   Under  t h e  

p r e f e r r e d   c o n d i t i o n s   no  coke  is  p roduced   in  the  r e a c t i o n .  

E f f l u e n t   from  r e a c t o r   3  passes   via   l i n e   31  to  gas  s e p a r a t o r  

4,  which  s e p a r a t e s   gases  i n c l u d i n g   h y d r o c a r b o n s   b o i l i n g   a t  

ambient   room  t e m p e r a t u r e   or  l o w e r .   A l t e r n a t i v e l y   a n d  

p a r t i c u l a r l y   a d v a n t a g e o u s l y , ,   gaseous   m a t e r i a l   in  s t r e a m   32  i s  

t r e a t e d   to  remove  hydrogen  s u l p h i d e   in  d e s u l p h u r i z a t i o n  z o n e  

6  and  is  passed   via  l i n e   39  i n t o   a  s team  r e fo rming   zone  7 



along  with  e x t e r n a l   s team  in  s t r eam  41,  forming  a  h y d r o g e n -  

r i c h   gas  p a s s i n g   via  l i n e   42  to  be  used  in  c a t a l y t i c   h y d r o -  

g e n a t i o n   zone  8.  Su lphu r   is  removed  from  zone  6  v i a  l i n e   40 

and  carbon  d i o x i d e - r i c h   gas  from  zone  7  is  d i s c h a r g e d   v i a  

l i n e   43.  The  l i q u i d   r e a c t o r   e f f l u e n t   33  from  s e p a r a t o r   4 

is  f r a c t i o n a t e d   in  f r a c t i o n a t i n g   s t i l l   5,  and  the  d i s t i l l e d  

p o r t i o n   b o i l i n g   for  example  from  s u b s t a n t i a l l y   180°C  t o  

s u b s t a n t i a l l y   350°C,  p r e f e r a b l y   from  200°C  to  330°C,  i n  

s t r eam  35,  is  r e h y d r o g e n a t e d  i n   c a t a l y t i c   h y d r o g e n a t i o n  

zone  8.  The  upper  and  lower  l i m i t s   of  the  b o i l i n g   r a n g e  

of  s t ream  35  may  be  a d j u s t e d   as  n e c e s s a r y   to  ob t a in   an 

a p p r o p r i a t e   volume  of  h y d r o g e n  d o n o r   m a t e r i a l   for  s t r e a m  

- 30..  Overhead  f r a c t i o n s   22,  26  and  34,  gas  o i l   f r a c t i o n   36 

and  res iduum  f r a c t i o n   37  can  be  combined  in to   a  r e c o n s t i t u t e d  

"crude"   in  s t ream  53  which  has  s u f f i c i e n t l y   low  v i s c o s i t y   t h a t  

i t   is  s u i t a b l e   for  pumping.   A  p o r t i o n   of  res iduum  f r a c t i o n  

37  can  o p t i o n a l l y   be  r e c y c l e d   th rough   l i n e   38  to  be  combined  

w i t h   bot toms  s t ream  27  and  r e p r o c e s s e d   th rough   the  h y d r o g e n  

donor  c r a c k i n g   zone.  The  r e a c t i o n   in  h y d r o g e n a t i o n   zone  8 

no rma l ly   does  not  consume  a l l   the  hydrogen  from  s t ream  42  and  

the  unused  gases  which  are  c o n t a m i n a t e d   with  hydrogen  s u l p h i d e  

can  be  r e c y c l e d   to  the  i n l e t   of  d e s u l p h u r i z a t i o n   zone  6,  v i a  

l i n e   4 5 .  D u r i n g   o p e r a t i o n ,   the  hydrogen  donor  c a p a b i l i t y   o f  

the   f r a c t i o n   in  s t ream  35  is  s u f f i c i e n t ,   when  the  l a t t e r   h a s  

undergone  c a t a l y t i c   h y d r o g e n a t i o n   in  zone  8,  to  con t inue   t h e  

hydrogen  donor  c r a c k i n g   w i t h o u t   adding  make-up  hydrogen  d o n o r  

m a t e r i a l   via  l ine   29.  The  h y d r o g e n - r i c h   gas  in  s t ream  42  i s  



used  to  h y d r o g e n a t e   the  f r a c t i o n   in  s t r eam  35  under   u s u a l  

c a t a l y t i c   h y d r o g e n a t i o n   c o n d i t i o n s   in  zone  8  and  the  e f f l u e n t  

s t r eam  of  l i q u i d   h y d r o g e n a t e d   m a t e r i a l   44  is  passed   e i t h e r  

d i r e c t l y   to  l i n e   47  thence   to  l i n e   30  where  i t   is  r e c y c l e d  

i n t o   hydrogen   donor  c r a c k i n g   zone  3,  or  via  l i n e   54  to  a  

f r a c t i o n a t i o n ,   h e r e a f t e r   d e s c r i b e d   with  r e f e r e n c e   to  F i g u r e  

3,  and  r e t u r n   of  a  f r a c t i o n   t h e r e o f   via  l i n e   55  to  l i n e   47 .  

The  gaseous   m a t e r i a l s   formed  in  the  h y d r o c r a c k i n g   s tep   a n d  

s e p a r a t e d   at  s t ep   4  i nc lude   methane  and  o the r   h y d r o c a r b o n s  

hav ing   up  to  s u b s t a n t i a l l y   f ive   carbon  atoms  in  t h e i r  

m o l e c u l e s .   These  l a t t e r   m a t e r i a l s   have  lower  h y d r o g e n - t o -  

ca rbon   r a t i o s ,   hence  may  be  more  u s e f u l   for   t h e i r   h e a t i n g  

-  va lue   than  fo r   t h e i r   hydrogen  c o n t e n t .   I t   may,  t h e r e f o r e ,  

be  a d v a n t a g e o u s   to  take  these   m a t e r i a l s   to  f u e l - g a s   via   l i n e  

57,  and  at  the  same  time  to  u t i l i z e   an  e x t e r n a l   gas  s t r e a m  

in  the  s team  r e f o r m i n g   s tep  by  i m p o r t i n g   i t   t h rough   l i n e   56 .  
r  The  i m p o r t e d   gas  s t r eam  can  be  for  example  n a t u r a l   gas  a n d  

can  c o n t a i n   hydrogen ;   i t   is  d e s u l p h u r i z e d   i f   i t   is  sour ,   i n  

the  d e s u l p h u r i z a t i o n   zone  6  as  shown  in  Fingure  1,  or  t a k e n  

d i r e c t l y   to  s team  r e fo rming   zone  7,  as  a p p r o p r i a t e .  

S i m i l a r l y   the  gaseous  s t ream  32  may  be  d e s u l p h u r i z e d   i f  

n e c e s s a r y   in  a  d e s u l p h u r i z a t i o n   zone,  or  taken  d i r e c t l y   t o  

p r o d u c t   via  l i n e   57,  as  shown  in  F i g u r e   1 .  

An  o p t i o n a l   source  of  hydrogen  for  use  i n  

h y d r o g e n a t i n g   zone  8  is  the  steam  r e f o r m i n g   of  a  res iduum  i n  



s team  r e f o r m i n g   zone  7,  i n s t e a d   of  r e f o r m i n g   the  g a s e o u s  

m a t e r i a l   s e p a r a t e d   at  s t ep   4.  An  a d v a n t a g e o u s   s o u r c e   o f  

r e s i d u u m   for  t h i s   purpose  is  s t ream  37,  the  bo t toms   f r o m  

f r a c t i o n a t i o n   s t ep   S. 

S u i t a b l e   hydrogen  donor  or  hydrogen  donor  p r e c u r s o r  

m a t e r i a l   for   s t a r t i n g   up  the  p rocess   can  be  o b t a i n e d   f o r  

example ,   in  c e r t a i n   r e f i n e r y   s t reams   known  in  the  a r t .   I f  

n e c e s s a r y   or  d e s i r a b l e ,   i t   can  be  h y d r o g e n a t e d   in  t h e  

d e s c r i b e d   h y d r o g e n a t i o n   zone  8  p r i o r   to  c o n t a c t i n g   w i t h  

f r a c t i o n a t i n g   tower  bottoms  s t ream  27  in  hydrogen  d o n o r  

c r a c k i n g   zone  3 .  .  

F igu re   2,  employing  i d e n t i c a l   numbers  for   p a r t s  

i d e n t i c a l   to  those   shown  in  F igure   1,  i l l u s t r a t e s   an  

o p t i o n a l   p r o c e s s i n g   scheme  where in   the  i n i t i a l   c rude   21  i s  

f r a c t i o n a l l y   d i s t i l l e d   i n to   a  p l u r a l i t y   of  cuts   22,  23  and  

24  each  of  whose  i n i t i a l   and  f i n a l   b o i l i n g   p o i n t s   can  b e  

s e l e c t e d   as  is  cus tomary   in  pe t ro l eum  r e f i n i n g   to  p r o d u c e -  

a p p r o p r i a t e   s t r e a m s .   Commonly  used  f r a c t i o n s   are  n a p h t h a ,  

d i s t i l l a t e   and  gas  o i l ,   a l t hough   fewer  or  more  than  t h r e e  

f r a c t i o n s   can  be  taken  w i t h o u t   d e p a r t i n g   from  the  scope  o f  

the  i n v e n t i o n .   The  f r a c t i o n s   r e s u l t i n g   from  the  d i s t i l l a t i o n  

s t ep   5  in  s t r eams   34  and  36  can  be  combined  with  t h e  

a p p r o p r i a t e   f r a c t i o n s   from  the  crude  d i s t i l l a t i o n ,   i . e .  

f r a c t i o n s   of  s i m i l a r   b o i l i n g   ranges ,   to  ob t a in   a  p l u r a l i t y  

of  p r o d u c t   s t r eams   49,  51  and  50.  At  the  same  time  t h e  

bo t toms   s t r e a m   37  from  f r a c t i o n a l   d i s t i l l a t i o n   s t e p   5  can  b e  

kept   as  a  s e p a r a t e   p roduc t   s t r e a m .  



R e f e r r i n g   to  F i g u r e   3,  which  is  to  be  c o n s i d e r e d   i n  

c o n j u n c t i o n   with  the  embodiments  of  e i t h e r   F igure   1  or  F i g u r e  

.  2 ,   the  h y d r o g e n a t e d   hydrogen   donor  m a t e r i a l   in  s t ream  44  f r o m  

zone  8  o p t i o n a l l y   can  be  passed   via  l ine   54  and  f r a c t i o n a l l y  

d i s t i l l e d   in  d i s t i l l a t i o n   column  9  to  s e p a r a t e ,   from  l o w e r  

and  h i g h e r   b o i l i n g   m a t e r i a l s   46  and  48,  a  hydrogen  d o n o r  

h e a r t   cut  55,  b o i l i n g   for   example  in  the  range  f rom 

s u b s t a n t i a l l y   220°C  to  s u b s t a n t i a l l y   295°C,  which  can  be  f e d  

t h r o u g h   l i n e   47  to  hydrogen   donor  c r ack ing   zone  3.  The  l o w e r  

b o i l i n g   m a t e r i a l   46  can  be  combined  for  example  with  n a p h t h a  

s t r e a m   49  and  the  h i g h e r   b o i l i n g   m a t e r i a l   48  combined  f o r  

example  wi th   gas  o i l   s t r eam  50  (Figure   2),  or  if  d e s i r e d ,  

both   can  be  combined  with  the  p roduc t   s t ream  53  (F igure   -1 ) .  

The  hydrogen   donor  a c t i v i t y   of  the   lower  b o i l i n g   and  h i g h e r  

b o i l i n g   s t r eams   46  and  48  is  lower  than  t h a t   of  the  h e a r t  

cut  55  and  t h e i r   removal   has  the  e f f e c t   of  r a i s i n g   t h e  

c o n c e n t r a t i o n   of  a c t i v e   hydrogen   donor  m a t e r i a l   r e c y c l e d   t o  

the  h y d r o g e n - d o n o r   c r a c k i n g   zone  3 .  

A  m o d i f i c a t i o n   of  the  embodiments  of  the  i n v e n t i o n  

o u t l i n e d   in  F i g u r e s   1  and  2  is  shown  in  F igure   4.  The  

r e c o n s t i t u t e d   n a p h t h a ,   d i s t i l l a t e   and  gas  o i l   s t r eams   4 9 ,  

50  and  51,  o b t a i n e d   as  shown  in  F igure   2 ,   can  o p t i o n a l l y   b e  

f u r t h e r   h y d r o g e n a t e d   i n d i v i d u a l l y . a t   c a t a l y t i c   h y d r o g e n a t i o n  

s t e p s   10,  11  and  12  by  known  methods.   A  h y d r o g e n - r i c h   g a s  

can  be  i n t r o d u c e d   from  an  e x t e r n a l - s o u r c e   via  l i n e   58  a n d  

the  r e s u l t i n g   h y d r o g e n a t e d   naphtha   s t ream  59,  h y d r o g e n a t e d  

d i s t i l l a t e   s t ream  60  and  h y d r o g e n a t e d   gas  o i l   s t r eam  61  a r e  



t h e r e f o r e   s u i t a b l e   for  d i r e c t   use  in  a  c o n v e n t i o n a l   o i l  

r e f i n e r y .   A l t e r n a t i v e l y   these   h y d r o g e n a t e d   s t r e a m s  c a n   b e  

combined  wi th   the  res iduum  s t ream  37  (F igure   1)  to  o b t a i n  

in  s t r e a m   53  an   u p g r a d e d ,   lower  v i s c o s i t y   p i p e l i n e a b l e  

s y n t h e t i c   c rude   o i l   s u i t a b l e   for  use  in  c o n v e n t i o n a l   o i l  

r e f i n e r i e s   remote   from  the  upgrad ing   p l a n t .   Because  of  i t s  

h i g h e r   h y d r o g e n : c a r b o n   r a t i o ,   the  s y n t h e t i c   crude  o i l   c an  

give  h i g h e r   q u a l i t y   p roduc t s   with  l e s s   p r o c e s s i n g   than  l e s s  '  

h i g h l y   h y d r o g e n a t e d   s y n t h e t i c   crude  o i l s .  

An  a d v a n t a g e   of  the  p r e s e n t   p rocess   is  t h a t   i t   c a n  

be  used  in  a  smal l   p r o d u c t i o n   area  to  p rov ide   crude  c a p a b l e  

of  be ing   t r a n s p o r t e d   by  p i p e l i n e   to  an  a p p r o p r i a t e   r e f i n e r y .  

A  f u r t h e r   a d v a n t a g e   is  t h a t   the  p r o c e s s   at  p roper   o p e r a t i n g  

c o n d i t i o n s   p r o d u c e s   no  coke.  A  s t i l l   f u r t h e r   advan t age   i s  

t h a t   i t   uses  as  the  hydrogen  t r a n s f e r   m a t e r i a l   a  f r a c t i o n   o f  

the  heavy  c rude   t h a t   is  g e n e r a t e d   in  the  p roce s s   i t s e l f ,   and  

t h e r e f o r e   no  a d d i t i o n a l   hydrogen  t r a n s f e r   agent   is  n e e d e d  
. 

a f t e r   the  i n i t i a l   s t a r t - u p .   Another   advan tage   of  t h i s  

p r o c e s s   is  t h a t   i t   can  conver t   as  much  as  90  per  cent   of  t h e  

high  b o i l i n g   components   in  the  c rude ,   i . e .   components  b o i l i n g  

at  g r e a t e r   than   about  504°C,  to  components  b o i l i n g   at  l e s s  

t h a n   about   504°C.  F u r t h e r ,   the  p r o d u c t s   s t reams   can  be  u s e d  

in  any  of  s e v e r a l   o p t i o n a l   ways,  e n a b l i n g   the  p r o c e s s   to  b e  

t a i l o r e d   to  a c t u a l   f i e l d   c o n d i t i o n s .  

EXAMPLE  1 

A  sample  of  2000  pa r t s   by  weight   of  raw  b i t u m e n ,  

o b t a i n e d   by  s team  s t i m u l a t i o n   of  a  P e l i c a n   Lake  ( A l b e r t a )  



heavy  o i l   f i e l d ,   was  s u b m i t t e d   to  d i s t i l l a t i o n ,   f i r s t   a t  

a t m o s p h e r i c   p r e s s u r e   then  under  r educed   p r e s s u r e   so  as  t o  

avoid   any  t h e r m a l   c r a c k i n g ,   to  g ive   a  t o t a l   overheads   f r a c t i o n  

(hav ing   a  b o i l i n g   range  from  i t s   i n i t i a l   b o i l i n g   po in t   up  t o  

491°C)  a m o u n t i n g - t o   998  p a r t s   and  a  vacuum  res iduum  of  1002 

p a r t s   hav ing   a  b o i l i n g   range  above  491°C.  In  a  two  l i t r e  

a u t o c l a v e ,   497  p a r t s   of  the  vacuum  res iduum  was  t h o r o u g h l y  

b l e n d e d   with  497  p a r t s   of  a  h y d r o c a r b o n   s t ream  s e r v i n g   as  a n  

i n i t i a l   hydrogen  donor  s t r e a m .   This  donor  s t ream  was  t h e  

h e a r t   c u t  o b t a i n e d   by  h y d r o t r e a t i n g   a  f l u i d   c a t a l y t i c a l l y  

c r a c k e d   f r a c t i o n   t h a t   b o i l e d   in  the  range  193°C  to  343°C  and  

f r a c t i o n a l l y   d i s t i l l i n g   the  h y d r o t r e a t e d   m a t e r i a l   to  o b t a i n  

a  h e a r t  c u t   b o i l i n g   in  the  range  221°C  to  293°C;  the  d o n o r  

s t r eam  had  a  c o n t e n t   of  48.7  per  cen t   by  we igh t   of  b e n z o -  

c y c l o p a r a f f i n s   ( p r e d o m i n a n t l y   s u b s t i t u t e d   t e t r a h y d r o n a p h t h a l e n e s )  

and  19.4  per  cent  n a p h t h a l e n e s ,   as  d e t e r m i n e d   by  low  r e s o l u t i o n  

mass  s p e c t r o m e t r y .   A f t e r   s e a l i n g   the  a u t o c l a v e ,   the  a i r   was  

d i s p l a c e d   t h e r e f r o m   by  n i t r o g e n   and  a  r e s i d u a l   p r e s s u r e   o f  

0.65  MPa  a b s o l u t e   l e f t   in  the  v e s s e l .   The  v e s s e l   was  t h e n  

s t i r r e d   and  hea t ed   to  an  i n t e r n a l   t e m p e r a t u r e   of  415°C  a t - a  

r a t e   of  s u b s t a n t i a l l y   5.3°C  per   minute   and  m a i n t a i n e d   a t  

t h i s   t e m p e r a t u r e   for  a  hydrogen   donor  c r a c k i n g   p e r i o d   o f  

81  minu tes   b e f o r e   c o o l i n g   was  begun.   During  t h i s   c o n s t a n t  

t e m p e r a t u r e   pe r iod   the  p r e s s u r e   in  the  v e s s e l   i n c r e a s e d   f r o m  

3.0  MPa  to  8.3  MPa.  A f t e r   c o o l i n g   to  ambient   t e m p e r a t u r e  

(22°C,  at  which  the  p r e s s u r e   was  2.34-MPa)  the  gas  was 

d i s c h a r g e d   from  the  a u t o c l a v e   and  i t s   volume  measured  ( 3 6 . 6  

l i t r e s   at  NTP,  i n c l u d i n g   the  n i t r o g e n   of  the  r e s i d u a l  



n i t r o g e n   p r e s s u r e ) .   The  t o t a l   evolved  g a s . ( n i t r o g e n   f r e e  

b a s i s )   amounted  to  4.6  per  cent   by  we igh t   of  the  m a t e r i a l  

c h a r g e d   to  the  a u t o c l a v e ;   on  a n a l y s i s   the  gas  was  found  t o  

have  a  c o m p o s i t i o n ,   on  a  n i t r o g e n   f ree   b a s i s ,   a p p r o x i m a t e l y  

as  shown  in  T a b l e  - 1 .  

Upon  d e s u l p h u r i z a t i o n   to  remove  the  l a r g e   p r o p o r t i o n   o f  

hydrogen   s u l p h i d e   from  t h i s  g a s ,   i t   was  eminen t ly   s u i t a b l e ,  

b e c a u s e   of  i t s   high  c o n t e n t   of  gaseous  h y d r o c a r b o n s ,   as  t h e  

h y d r o c a r b o n   feed  to  a  steam  r e fo rming   p roce s s   for  t h e  

p r o d u c t i o n   of  the  q u a n t i t y   o f · h y d r o g e n   u t i l i z e d   l a t e r   i n  

the  p r o c e s s   for  c a t a l y t i c   r e h y d r o g e n a t i o n   of  a  h y d r o c a r b o n  

f r a c t i o n   to  form  a  hydrogen  donor  s t ream.   There  was  no  coke  



f o r m a t i o n   du r ing   the  hydrogen  donor  c r a c k i n g   p e r i o d   a n d  

952  p a r t s   of  l i q u i d   p roduc t   was  r e c o v e r e d .   Of  t h i s ,   803 

p a r t s   was  f r a c t i o n a l l y   d i s t i l l e d   to  y i e l d   t h r e e   f r a c t i o n s ,  

v iz :   (a)  an  i n i t i a l   f r a c t i o n ,   having  a  b o i l i n g   range  up  t o  

204°C  and  amount ing  to  102  p a r t s ,   (b)  a  m i d - f r a c t i o n   h a v i n g  

a  b o i l i n g   range  from  204°C  to  316°C  and  amounting  to  421 

p a r t s ,   and  (c)  a  r e s i d u e   b o i l i n g   above  316"C  and  a m o u n t i n g  

to  280  p a r t s .   A  sample  of  t h i s   r e s i d u e   was  f u r t h e r  

f r a c t i o n a t e d   to  s e p a r a t e   m a t e r i a l   b o i l i n g   above  491°C  and  

amount ing   to  54.5  per  cen t   by  we igh t   of  the  r e s i d u e   s a m p l e .  

I t   was  thus   c a l c u l a t e d   t h a t   63.6  per  cen t   of  the  o r i g i n a l  

vacuum  r e s iduum  ( a l l   of  which  b o i l e d   above  491°C)  was 

c o n v e r t e d   to  m a t e r i a l   with  a  b o i l i n g   p o i n t   below  491°C.  The  

r e m a i n d e r   of  the  280  p a r t s   of  (c)  f r a c t i o n  n o t e d   above  a n d  

an  e q u i v a l e n t   p r o p o r t i o n   of  the  o v e r h e a d s   from  the  i n i t i a l  

a t m o s p h e r i c   and  vacuum  d i s t i l l a t i o n s   were  b l ended   wi th   a n  

e q u i v a l e n t   p r o p o r t i o n   of  the  102  p a r t s   of  (a)  f r a c t i o n   n o t e d  

above,   to  y i e l d   a  r e c o n s t i t u t e d   crude  o i l   having  i m p r o v e d  

p r o p e r t i e s   with  r e s p e c t   to  su lphu r   c o n t e n t   and  s p e c i f i c  

g r a v i t y ,   and  r emarkab ly   improved  v i s c o s i t y .   A  c o m p a r i s o n  

of  the   p r o p e r t i e s   of  t h e  r a w   b i tumen  and  r e c o n s t i t u t e d   c r u d e  

is   g iven   in  Table  2 .  



The  (b)  f r a c t i o n   with  a  b o i l i n g   range  204°C  to  316°C 

from  a  d u p l i c a t e   o p e r a t i o n   as  d e s c r i b e d   above  was  r e h y d r o g e n a t e d  

under  c a t a l y t i c   h y d r o g e n a t i o n   c o n d i t i o n s   as  f o l l o w s .   459 

p a r t s   of  the  f r a c t i o n ,   and  50  p a r t s  o f   commercial   h y d r o g e n a t i o n  

c a t a l y s t   d e s i g n a t e d   as  NT550  ( s u p p l i e d   by  Nalco  C h e m i c a l  

Company)  were  s e a l e d   in  a  two  l i t r e   a u t o c l a v e ,   purged  w i t h  

n i t r o g e n   to  remove  a i r ,   then  p r e s s u r e d   with  hydrogen  to  5 . 6 2  

MPa  at  23°C.  The  s t i r r e d   a u t o c l a v e   then  was  h e a t e d   at  a  

r a t e  o f   4.5°C  per  minute  u n t i l   a  t e m p e r a t u r e   of  305°C  was 

r eached .   P r e s s u r e   in  the  ve s se l   rose  to  9.33  MPa  d u r i n g  

h e a t i n g .   The  t e m p e r a t u r e   was  m a i n t a i n e d   at  305°C  for   the  n e x t  

4.7  hours  dur ing   which  the  a u t o c l a v e   was  f u r t h e r   r e p r e s s u r e d  

with  hydrogen  as  r e c o r d e d   p r e s s u r e   r e a d i n g s   i n d i c a t e d   h y d r o g e n  

was  consumed  by  r e a c t i o n   with  the  f r a c t i o n ,   to  m a i n t a i n   a  

minimum  p r e s s u r e   of  10.5  MPa,  f i n a l   h y d r o g e n a t i o n   p r e s s u r e   b e i n g  

11.47  MPa.  Hea t ing   was  then  s topped  and  the  v e s s e l   a l lowed  t o  

cool  to  room  t e m p e r a t u r e   (23°C).  P r e s s u r e   at  t h i s   time  was  4 . 4 2  

MPa.  The  gas  was  d i s c h a r g e d   and  on  a n a l y s i s   was  found  to  b e  



p r e d o m i n a n t l y   hydrogen   with  some  hydrogen  s u l p h i d e   a n d  

gaseous   h y d r o c a r b o n .   The  h y d r o g e n a t e d   l i q u i d   was  r e c o v e r e d  

and  found  to  amount  to  452  p a r t s   by  weight .   Low  r e s o l u t i o n  

mass  s p e c t r o m e t r y   of  samples  of  the  m a t e r i a l ,   b e f o r e   a n d  

a f t e r   r e h y d r o g e n a t i o n   as  d e s c r i b e d   above,  showed  t h a t   t h e  

n a p h t h a l e n e s   c o n t e n t   d e c r e a s e d   dur ing   h y d r o g e n a t i o n   from  a  

value   of  49.67  per  c e n t - t o   17.19  per  cent  and  the  b e n z o -  

c y c l o p a r a f f i n s   c o n t e n t  i n c r e a s e d   at  the  same  time  f r o m  

12.49  per  cen t   to  44.56  per  cen t .   F r a c t i o n a l   d i s t i l l a t i o n  

of  the  r e h y d r o g e n a t e d   m a t e r i a l   t h a t   would  remove  much  o f  

the  more  v o l a t i l e   f r a c t i o n   r i c h   in  s a t u r a t e d   h y d r o c a r b o n s  

(which  c o n s t i t u t e d   19.04  per  cent  of  the  r e h y d r o g e n a t e d  

m a t e r i a l )   could   lower  the  p r o p o r t i o n   of  s a t u r a t e s   a n d  

r e a d i l y   i n c r e a s e  t h e   b e n z o c y c l o p a r a f f i n s   c o n t e n t   to  a r o u n d  

48  per  c e n t ,   which  c o r r e s p o n d s  t o   t h a t   of  the  i n i t i a l  

hydrogen   donor  s t r e a m .   The  r e h y d r o g e n a t e d   m a t e r i a l ,   p r e p a r e d  

as  d e s c r i b e d   above,   was  used  as  the  hydrogen  donor  s t r e a m  

for   b l e n d i n g   wi th   a n o t h e r   sample  of  vacuum  res iduum  o f  

b i tumen  in  the  a u t o c l a v e ,   as  d e s c r i b e d   a t  t h e   b e g i n n i n g   o f  

t h i s   example,   and  was  found  e f f e c t i v e ,   a f t e r   a  hydrogen   d o n o r  

c r a c k i n g   p e r i o d   as  d e s c r i b e d   above,  to  conve r t   the  r e s i d u u m  

and  form  a d d i t i o n a l   r e c o n s t i t u t e d   crude  of  i m p r o v e d  

p r o p e r t i e s   as  d e s c r i b e d   a b o v e .  

EXAMPLE  2 

A  sample  of  hydrogen  donor  m a t e r i a l ,   as  was  u s e d  

in  Example  1  and  p r e p a r e d   by  h y d r o g e n a t i n g   a  l i g h t   cyc l e   o i l  

o b t a i n e d   from  a  f l u i d   c a t a l y t i c   c r ack ing   u n i t ,   was  mixed  i n  



.a  1:1  r a t i o   with  the  res iduum  from  a  vacuum  d i s t i l l a t i o n   o f  

A thabasca   o i l   sands  b i tumen.   The  res iduum  c o n s t i t u t e d   5 4 . 5  

per  cent   of  the  b i tumen  and  had  an  i n i t i a l   b o i l i n g   po in t   o f  

505°C.  The  m i x t u r e   was  fed  by  a  p o s i t i v e   d i s p l a c e m e n t   pump 

at  a  r a t e   of  598.8  g /hour   in to   a  t u b u l a r   hydrogen  d o n o r  

c r a c k i n g   r e a c t o r   of  989  ml  volume  and  22.9  m  l e n g t h ,   c o i l e d  

in to   a  h e l i c a l   shape  and  immersed  in  a  f l u i d i z e d   sand  b e d  

m a i n t a i n e d   at  c o n s t a n t   t e m p e r a t u r e   of  432°C.  The  r e a c t o r  

was  equ ipped   with  a  r e c i p r o c a t i n g   mechanism  to  m a i n t a i n  

t u r b u l e n t   flow  c o n d i t i o n s   in  the  r e a c t o r ,   as  d i s c l o s e d   i n  

c o - p e n d i n g   p a t e n t   a p p l i c a t i o n   & . N . .   The  r e a c t i o n  

m i x t u r e ,   at  5.7  MPa,  flowed  through  a ' p r e s s u r e   c o n t r o l   v a l v e  

downstream  from  the  r e a c t o r   tube  and  thence   in to   a  s e r i e s   o f  

f l a s h   s e p a r a t i o n   zones  which  s e p a r a t e d   the  gaseous  p o r t i o n  

from  the  l i q u i d s   p o r t i o n   of  the  r e a c t o r   e f f l u e n t .   The  f l o w  

r a t e   of  the  gaseous   s t ream  was  measured  and  the  c o m p o s i t i o n  

d e t e r m i n e d   us ing   an  o n - l i n e   gas  ch romatograph .   The  h y d r o -  

c a r b o n  c o n t e n t   of  the  evolved  gas  was  found  to  be  s u f f i c i e n t  

to  p r o v i d e   (by  steam  re forming)   the  hydrogen  r e q u i r e m e n t s   f o r  

h y d r o g e n a t i o n   of  the  hydrogen  donor  p r e c u r s o r   m a t e r i a l  

s e p a r a t e d   from  the  l i q u i d s   p o r t i o n   of  the  r e a c t o r   e f f l u e n t .  

The  l i q u i d   p o r t i o n   of  the  r e a c t o r   e f f l u e n t   was  f r a c t i o n a l l y  

d i s t i l l e d   to  s e p a r a t e   a  f r a c t i o n   b o i l i n g   in  the  range  193°C 

to  332°C  and  amounting  to  56.3%  of  the  l i q u i d   p r o d u c t s .   T h i s  

f r a c t i o n   was  h y d r o g e n a t e d   c a t a l y t i c a l l y ,   over  the  same 

h y d r o g e n a t i o n   c a t a l y s t   used  in  Example  1,  at  around  320°C 

for  5.6  h o u r s .   Mass  s p e c t r o m e t r i c   a n a l y s i s   of  samples  o f  

the  f r a c t i o n ,   be fo re   and  a f t e r   r e h y d r o g e n a t i o n ,   showed  t h a t ,  



as  in  Example  1,  the  n a p h t h a l e n e s   c o n t e n t   d e c r e a s e d   d u r i n g  

h y d r o g e n a t i o n   and  the  b e n z o c y c l o p a r a f f i n s   con t en t   i n c r e a s e d  

as  a  r e s u l t   of  the  h y d r o g e n a t i o n ;   the  c o r r e s p o n d i n g   i n c r e a s e  

in  hydrogen   donor  a c t i v i t y   of  the  h y d r o g e n a t e d   f r a c t i o n   a n d  

the  q u a n t i t y   of  the   f r a c t i o n   t o g e t h e r   e s t a b l i s h e d   t h a t   t h e  

f r a c t i o n   was  a d e q u a t e ,   on  r e c y c l i n g   in  i t s   e n t i r e t y   or  a s  

a  c o n c e n t r a t e d   d i s t i l l e d   p o r t i o n   t h e r e o f   to  the  r e a c t o r   w i t h  

f r e s h   r e s iduum,   to  m a i n t a i n   c o n t i n u o u s   o p e r a t i o n   of  t h e  

hydrogen  donor  c r a c k i n g   r e a c t o r   under  the  c o n d i t i o n s   i n i t i a l l y  

used.   The  d i s t i l l a t e   from  the  d i s t i l l a t i o n   of  the  o i l   s a n d s  

b i tumen  combined  wi th   the  f r a c t i o n s   from  the  r ema in ing   ( 4 3 . 7  

p e r   cent)   of  the   l i q u i d   r e a c t o r   e f f l u e n t   not  c a t a l y t i c a l l y  

h y d r o g e n a t e d ,   c o n s t i t u t e d   an  upgraded  h y d r o c a r b o n a c e o u s   o i l  

t h a t   could  be  pumped  through  a  p i p e l i n e  i n   the  manner  u s e d  

for   normal  crude  o i l s .  

Numerous  m o d i f i c a t i o n s   can  be  made  in  the  v a r i o u s  

e x p e d i e n t s   d e s c r i b e d   w i thou t   d e p a r t i n g   from  the  scope  o f  

the  i n v e n t i o n   which  is  d e f i n e d   in  the  f o l l o w i n g   c l a i m s .  



1.  A  process  for  the  upgrading  of  heavy,  viscous 

hydrocarbonaceous  oils  comprising  fractionally  d i s t i l l ing   said 

hydrocarbonaceous  oil  to  produce  at  least  one  d is t i l led   f r ac t ion  

and  a  residuum  without  substantially  cracking  said 

hydrocarbonaceous  oil,  contacting  said  residuum  with  a  l iquid  

hydrogen  donor  material  stream  to  produce  a  hydrocracked  stream  and 

separating  said  hydrocracked  stream  into  a  gaseous  stream  and  a 

liquid  hydrocracked  stream,  characterized  in  t ha t : '  

(a)  said  liquid  hydrocracked  stream  is  fractionally  d i s t i l l e d  

to  separate  from  higher  and  lower  boiling  fractions  a 

hydrogen  donor  precursor  stream  boiling  above  a 

temperature  from  substantial ly  180°C  to  subs tan t i a l ly  

200°C  and  below  a  temperature  from  substantial ly  330°C  to  

substant ia l ly   350°C,  

(b)  said  hydrogen  donor  precursor  stream  is  c a t a l y t i c a l l y  

reacted  with  a  hydrogen-rich  gaseous  stream  to  produce  a 

hydrogenated  hydrogen  donor  material,  and 

(c)  at  least  part  of  said  hydrogenated  hydrogen  donor 

material  is  recycled  as  the  material  which  cons t i tu tes  

t h e   entire  liquid  hydrogen  donor  material  stream  to  

contact  said  residuum. 

2.  A  process  as  claimed  in  Claim  1,  further  characterized  in  tha t  

said  hydrogenated  hydrogen  donor  material  is  f r a c t i o n a l l y  

dis t i l led  to  separate  from  higher  and  lower  boiling  fractions  an 

optimized  hydrogenated  hydrogen  donor  material  boiling  above  a 



temperature  of  substantial ly  220°C  and  below  a  temperature  of 

substantial ly  295°C  and  said  optimized  hydrogenated  hydrogen  donor 

material  is  recycled  as  the  material  which  consti tutes  the  en t i re  

liquid  hydrogen  donor material  stream  to  contact  said  residuum. 

3.  A  process  as  claimed  in  Claim  1  further  characterized  in  t ha t  

the  residuum  is  mixed  with  said  recycled  liquid  hydrogen  donor 

material  stream.in  a  weight  ratio  of  from  0.5:1  to  4:1  under  hydro- 

cracking  condi t ions .  

4.  A  process  as  claimed  in  Claim  1  further  characterized  in  tha t  

said  hydrocracking  conditions  include  temperature  in  the  range  from 

substantial ly  350°C  to  substantially  500°C,  pressure  in  the  range 

from  substantial ly  2  MPa  to  substantial ly  7  MPa  and  liquid  space 

velocity  from  substant ia l ly   0.5  h-1  to  substant ia l ly   10.0 

h-1. 

5.  A  process  as  claimed  in  Claim  1  fur ther  charac ter ized   in  t h a t  

the  hydrogen  donor  precursor  stream  is  a  f r a c t i o n  d i s t i l l e d   from 

the  liquid  hydrocracked  stream  and  boils  from  substanti-ally  200°C 

to  substantially  330°C. 

6. '  A  process  as  claimed  in  Claim  1  further  characterized  in  t h a t  

fractions  d i s t i l l ed   from  the  residuum  are  combined  with  the 

fractions  of  the  liquid  hydrocracked  stream  other  than  the 

hydrogen  donor  precursor  stream  to  form  an  upgraded  oil  of  lower 

viscosity  and  specific  gravity  than  the  original  hydrocarbonaceous 

o i l .  



7.  A  process  as  claimed  in  Claim  1  further  characterized  in  tha t  

at  least  one  f r a c t i o n - d i s t i l l e d   from  the  residuum  is  individual ly  

combined  with  the  corresponding  boiling  range  fraction  d i s t i l l e d  

from  the  liquid  hydrocracked  stream,  and  the  resulting  material  i s  

ca ta ly t i ca l ly   hydrogenated. 
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